We present the results of our investigation of the star-forming potential in the Perseus star forming complex. We build on previous starless core, protostellar core, and young stellar object (YSO) catalogs from Spitzer (3.6-70 µm), Herschel (70-500 µm), and SCUBA (850 µm) observations in the literature. We place the cores and YSOs within seven star-forming clumps based on column densities greater than 5 × 10 21 cm −2 . We calculate the mean density and free-fall time for 69 starless cores as ∼5.55 ×10 −19 g cm −3 and ∼0.1 Myr, respectively, and we estimate the star formation rate for the near future as ∼150 M Myr −1 . According to Bonnor-Ebert stability analysis, we find that majority of starless cores in Perseus are unstable. Broadly, these cores can collapse to form the next generation of stars. We found a relation between starless cores and YSOs, where the numbers of young protostars (Class 0 + Class I) are similar to the numbers of starless cores. This similarity, which shows a one-to-one relation, suggests that these starless cores may form the next generation of stars with approximately the same formation rate as the current generation, as identified by the Class 0 and Class I protostars. It follows that if such a relation between starless core and any YSO stage exists, SFR values of these two populations must be nearly constant. In brief, we propose that this one-to-one relation is an important factor in better understanding the star formation process within a cloud.
Introduction
The Perseus molecular cloud is an excellent region to study dense cores and young stellar objects (YSOs) in terms of intermediate and low-mass star formation within isolated and clustered conditions (Bally et al. 2008, p. 308) . Perseus is relatively nearby at 235 pc (Hirota et al. 2011) , and many studies have already investigated its dense core and YSO populations using continuum observations (e.g., Enoch et al. 2006; Kirk et al. 2006; Evans et al. 2009; Young et al. 2015) and molecular line emission (e.g., Hatchell et al. 2005; Rosolowsky et al. 2008; Foster et al. 2009 ) from different telescopes. In particular, studies have used these population surveys to classify dense cores as protostellar or starless (e.g., Enoch et al. 2008; Jørgensen et al. 2008; Sadavoy et al. 2010 ).
In addition to studying populations of dense cores and YSOs, continuum observations can also reveal different cloud structures on larger scales. Molecular clouds have a lot of structure, whereas the dense cores and YSOs are often embedded in filaments (e.g., André et al. 2010) or in moderately dense, larger-scale (∼1 pc) clumps (see Di Francesco et al. 2007, p. 17) . Column density (or extinction) maps from continuum observations of entire clouds are excellent tools to trace these structures (e.g., Schneider et al. 2015) , and several studies have produced such maps for Perseus (e.g., Ridge et al. 2006; Sadavoy et al. 2014; Zari et al. 2016) .
Connecting cores to their clumps is important, as cores represent the next generation of stars, and clumps represent the immediate star-forming potential. In this study, we primarily focus on the starless cores and exclude protostellar cores from our main analysis. Thus, we can estimate the next generation star formation rate (SFR) by counting the numbers of starless cores.
Many previous studies have measured SFRs of entire clouds based on their YSO populations, e.g., 57 M Myr −1 in Serpens (Harvey et al. 2007 ), 6.5 M Myr −1 in Cha II (Alcalá et al. 2008) , and 73 M Myr −1 in Ophiuchus ). Evans et al. (2009) also found an SFR of 96 M Myr −1 for Perseus, which is relatively high compared to similar nearby clouds. These previous studies generally used different number counts and considered different stages of YSOs. For example, Evans et al. (2009) determined SFRs by taking a mean mass of 0.5 M in 2 Myr, which is the typical age of Class II sources. They included all YSO stages for the estimation. We choose a different way to estimate SFR in this study. Working on relations between numbers of YSOs stages and starless cores from clump to clump, we estimate SFR without including the all of the stages. In brief, we do not need to estimate lifetimes and masses of YSOs of all stages.
We describe the core and YSO catalogs in Section 2. We discuss the structures of clumps in Section 3. In Section 4, we present our analysis. Finally, we discuss our results and previous studies in Section 5.
Data
We used published catalogs of cores and YSOs at different wavelengths ranging from submillimeter (850 µm) to the infrared (1.25 µm). In the following section, we explain which data we used for the starless cores, the protostellar cores, and the YSOs.
Starless Cores and Protostellar Cores
Cores within molecular clouds can be observed in emission at wavelengths ¿ 100 µm, as these structures are generally cold (¡ 20 K), small (¡ 0.1 pc), and dense (¿ 1 × 10 5 cm −3 ; Di Francesco et al. 2007, p. 17) . Cores that have already contain protostars are identified from the presence of an internal heating source. For example Dunham et al. (2008) , Evans et al. (2009) , and Könyves et al. (2015) identified protostellar cores via compact 70 µm emission. Several recent studies identified dense cores and classified them as protostellar or starless using infrared observations of protostars.
First, Jørgensen et al. (2008) combined observations from the Spitzer c2d survey and SCUBA/JCMT submillimeter data. This study classified cores as protostellar if there was an MIPS source located within 15 of the core center. Second, Enoch et al. (2008) combined Spitzer c2d data with Bolocam millimeter observations for their sample. They identified protostellar cores using various infrared characteristics such as flux density, infrared colors, and proximities to the core center. Finally, Sadavoy et al. (2010) similarly used SCUBA and c2d data to classify cores in five clouds. Their classification scheme identified protostellar cores based on Spitzer YSOs within a flux-defined boundary, instead of using a fixed circular distance or the core sizes from previous classification studies. For this study, we adopt the core classifications from Sadavoy et al. (2010) .
It is obvious that the number of cores between the three methods should be different, as each method focused on different criteria in order to classify cores as protostellar or starless. However, these numbers vary only slightly between the methods, as is shown in Table 1 . 
Class 0 Sources
Class 0 sources are the youngest phase of YSOs, when most of the mass is contained within the dense core (Andre et al. 1993) . As these sources are deeply embedded, they are detected at wavelengths from mid-IR to submillimeter (etc., Enoch et al. 2009 , Sadavoy et al. 2014 . In short, Enoch et al. (2009) combined Bolocam 1.1 mm and Spitzer c2d survey data. Sadavoy et al. (2014) identified Class 0 sources more comprehensively from clump to clump, combining Herschel data at 70-500 µm and SCUBA data at 850 µm with the c2d survey. These two studies also selected different criteria to identify Class 0 sources. Sadavoy et al. (2014) used the ratio of submillimeter to bolometric luminosity L submm /L bol ¿ 1% (Andre et al. 2000, p. 59) whereas Enoch et al. (2009) used L submm /L bol ¿ 0.5% (Andre et al. 1993) . Consequently, Sadavoy et al. (2014) did not include the extra four sources using L submm /L bol ¿ 1% in order to avoid taking borderline sources. In addition, they marked whether Class 0 sources were identified as a Spitzer sources. Thus, we can exclude late stage YSOs (in Section 3.2), which are overlapped with Class 0 sources using this indication (see also their list, Sadavoy et al. 2014) . Although the numbers in two methods are the same (27/28), the sources are different. Accordingly, we used the Class 0 source list for Perseus from Sadavoy et al. (2014) .
Young Stellar Objects
(Class I to Class III)
We used Spitzer c2d data from Evans et al. (2009) to identify the later stages of YSOs. They identified sources as Class I-Flat-II-III using the updated classifications by Greene et al. (1994) (see also, Lada 1987 , Andre et al. 1993 , where sources were identified by their infrared spectral indices, α, which measures the SED slope between ∼ 2 − 24 µm). The different classes are defined by:
We adopt the infrared spectral indices given in Evans et al. (2009) and correct for extinction in order to identify the quantity of these YSOs in Perseus. In addition, those sources identified as Class 0 from Sadavoy et al. (2014) were removed from the Class I list.
Results

Borders of Clumps and Sources in Clumps
We focus on seven clumps in Perseus, which Sadavoy et al. (2014) showed in their Figure 1 . They defined these clumps and their boundaries using a fitted Herschel-derived column density map. The column density threshold of A V 7 mag is proposed as a star formation threshold by André et al. (2010) , Lada et al. (2010) , and Evans et al. (2014) ) and is equal to N (H 2 ) ∼ 5 × 10 21 cm −2 (see also, Kirk et al. 2006; André et al. 2010) . The contours of the clumps are based on these thresholds. The names of the clumps are B5, IC 348, B1-E, B1, NGC 1333, L1455, and L1448. We use the same column density threshold of N (H 2 ) ∼ 5 × 10 21 cm −2 (A V 7 mag) for the clumps in al. 2010) . Each Perseus clumps is illustrated by purple contours, with its name appearing next to it. We exclude sources that are located outside of the clumps in this work.
We also list protostellar and starless cores in each clump, which is mentioned in Section 2.1. Table 2 gives the number of cores.
Clump
We considered a core or YSO to be associated with a clump if it is located within the A V = 7 mag contour of that clump from Sadavoy et al. (2014) (see also their Figure 1 ). We define a "source" to be a starless core or a YSO. Table 3 lists the quantity of each source in the seven clumps considered in this study. We did not count protostellar cores as sources, because these cores are SCUBA sources that coincided with a Spitzer-identified as Class 0/I/Flat YSO. Consequently, they would have been double-counted if added to the sources in Table 3 . Thus, we only consider the starless cores for this study.
Perseus contains relatively more later-stage YSOs (Class II/III) than young protostars (Class 0/I), as is seen in other studies (e.g., Evans et al. 2009 . In addition, most of the sources are found in NGC 1333 and IC 348, which also show high surface densities of sources when compared to the other clumps. Conversely, B1-E and B5 have very few sources despite having ¿50 M of material above the column density threshold of star formation. 
Analyses
Figure 2 compares clump masses, the numbers of sources, and surface densities for each of the seven clumps. We order these clumps by mass. In general, we see an increasing trend with respect to those qualities. The clump mass has the added benefit of showing the star formation potential, e.g., the material above 5×10 21 cm −2 (the column density threshold).
According to Lada et al. (2010) , the number of YSOs in a cloud should trend with the mass of that cloud above a threshold of A V 7 mag. Thus, we can make a direct comparison between the Perseus clumps and this expectation. Looking at Table 3 , the trend does lean in that direction, but not all clumps appear to follow it perfectly (e.g., IC 348 has more objects than B1, but B1 has more mass above the threshold).
Among all clumps, B1-E has the lowest values in the number of cores and YSOs, while NGC 1333 has the highest values in both. Both IC 348 and NGC 1333 have significant excesses of YSOs including high fractions of Class II and Class III sources compared to starless cores, which suggests they started forming stars early in Perseus compared to the other clumps.
For the source surface densities, B1 again deviates from this trend, as does L1455, where both seem to have a lower surface densities for their mass. As L1448 and L1455 have a similar number of sources (shown in the middle Figure 2 ), the lower surface density in L1455 could be attributed to more clustered sources within a larger area. Because our surface densities are averages over the entire clump area for material with A V ¿ 7 mag, highly clustered YSO environments can have underestimated surface densities relative to the larger clumps.
The deviation in source numbers of B1 suggests that this clump has not yet reached its starforming potential. Since B1 has such a large star formation potential compared to its source count, the lack of objects suggests it is still very early in its star formation process. This region has very few "evolved YSOs" (and no Class III sources, see Table 3 ), which is indicative of a young population compared to NGC 1333 and IC 348 (see also Bally et al. 2008, p. 308) .
As indicated in Table 3 , B1-E does not show star formation activity. As B1-E is likely very young, it may still need time to form populations of dense cores and protostars (e.g., Sadavoy et al. 2015) .
These same increase trends between those properties of each clump show that both surface densities and number of sources with clump masses increase following the order. For example, there is a linear correlation with coefficient value of 0.7 between clump masses and surface densities from clump to clump. On the other hand, this value could be higher if the surface density of B1 was not as low, as is shown in Figure 2 . In the cases of either the absence or high surface density of B1, the correlation is approximate 1, which is a statistically robust linear relation. From the bottom line to the top line, the order of the YSO classes is: Class 0, Class 0+I, Class 0+I+Flat, Class 0+I+Flat+II, and finally Class 0+I+Flat+II+III. The purple line illustrates a slope value of 1. This represents a one-to-one relation where the number of starless cores equals the number of YSOs. The blue line, Class 0+I, has the closest slope value to purple line. Clumps are shown by black squares and are ordered as B5, L1448, L1455, B1, NGC 1333, and IC 348, in order increasing number of starless core (not containing B1-E). 
Relationship Between Starless Cores and YSOs
Starless cores are the precursors to stars and represent the next generation of stars in molecular clouds. After they collapse, starless cores evolve into Class 0, Class I, Class Flat, Class II, and Class III, respectively. If starless cores reflect the star formation activity of the future, then the YSOs can be considered as the star formation activity of the recent past. By comparing these populations, we can determine how the star formation activity in Perseus is evolving. Figure 3 compares the number of starless cores with the numbers of YSOs in each clump. We show distributions for cumulative YSO classifications starting from the youngest stage, Class 0. The thick, solid blue line shows the combined Class 0 and Class I source counts and has the best-fit slope of ∼1.04 (linear least square). This is similar to the purple line that illustrates a one-to-one relation between the starless cores and YSOs. Additionally, the correlation coefficient r between Class 0/I and starless cores is approximately 0.8, which indicates a strong linear relation. In other words, the starless cores appear to follow the number of young protostars (Class 0 + Class I) for all clumps in Perseus. In brief, we show with Figure 3 shows which YSO stage(s) are numerically similar to starless cores using values of their fit slopes. (Megeath et al. 2016 , Stutz & Gould 2016 . Because starless cores are considered the progenitors of stars, this similarity suggests that the SFR should be relatively similar between the current generation of young protostars and the next generation.
In order to examine that most of the starless cores in the Perseus clumps collapse, the BonnorEbert mass of each core is estimated. If the Bonnor-Ebert sphere mass is less than the core mass, the starless core can collapse and form a new star (Spitzer 1968, p. 44) . The critical mass values are defined by Ebert (1955) and Bonnor (1956) :
where c is the isothermal speed of sound. P BE = ρ o c 2 s is the boundary pressure of a core, where ρ o is surface density of a core, assuming the core temperature is 10K. On the other hand, we can estimate the mean density of starless cores (ρ mean ) with Equation 10. We calculated the BonnorEbert sphere masses of the starless cores in Perseus (for the Bonnor-Ebert sphere, the ratio of mean density to surface density is 2.43). Figure 5 shows the ratio of core masses to Bonnor-Ebert sphere masses. We know that if this ratio is greater than 1, cores are unstable and start collapsing, as mentioned above. Only 10 of the 69 starless cores (red column) have ratio less than 1. In the Bonnor-Ebert Model, all of the others (59 starless cores) are quite massive for stable equilibrium. We've also excluded three of the most massive cores from the histogram, as their ratios exceeded 20. Even if we consider typical maximum mass with an uncertainty factor of 2 (the dotted line in Figure 5 ), we see substantial cores with masses greater than 2 times the Bonnor-Ebert masses. Dunham et al. (2016) worked on the stability of cores in Chameleon. Their study focused on whether starless cores in Chameleon are stable or not. According to their result, cores between 0.5 and 2 times the Bonnor-Ebert mass (0.5 M BE ¡ M ¡ 2 M BE ) are potentially unstable. While most of the cores in Chameleon are stable (core masses are under 0.5 M BE ), the majority of starless cores in Perseus are primarily unstable (core masses are above 2 M BE ). In the light of such information, we can assume that starless cores in Perseus collapse to make next generation of stars.
Assuming that the numbers of starless cores and protostars are equal, we estimate the future SFR.Ṁ stars,last =Ṁ stars,next
whereṀ stars is rate of stellar mass gain. Assuming steady state, we can eliminate times, resulting in, 
We assume that the average final masses of Class 0 and Class I YSOs are equal to m IM F , which means
For 85 protostars, the expected mass of protostars is
With these numbers and masses of cores and stars, "core-star number efficiency" and "core-star mass efficiency" can be estimated as
Our analysis primarily assumes that all of our protostars are single systems. Nevertheless, many of the Perseus protostars are binaries or higher order multiples (see Lee et al. 2015 , Tobin et al. 2016 ). If we were to consider multiple systems, then both csm and csn would increase. Therefore, our values should be taken as lower limits (within the assumptions of this study) to achieve steady state. Thus, we find that at least 1.2 stars will be produced from a core and that at least 16% of the core mass will be turned into stars.
Calculation of Free-fall Time and Weighted Mean Lifetime
If a cloud mass exceeds its virial mass, it should become unstable and collapse unless there is another mechanism of support, such as turbulence or magnetic fields (Bodenheimer 2011, p. 68) . Without additional support, the cores collapse under self-gravity in a free-fall time,
where ρ is the mean core density. We estimate these densities from the effective radii and masses of the starless cores (from Sadavoy et al. 2010) , assuming spherical symmetry. We find a mean starless core density ρ = 5.55 × 10 −19 g cm −3 .
(10) Figure 6 shows the distribution of free-fall times for all 69 starless cores, using Equation (9), and their average densities. We find a narrow distribution of free-fall times with an average of t f f = 0.10 Myr.
Thus, we expect the starless cores to collapse in ∼0.10 Myr, if they are all nearly virialized.
The starless cores will only collapse on a free-fall time if they are unstable. For example, high internal turbulence could delay their collapse by several free-fall times (e.g., Nakano 1998). Nevertheless, if the starless core and protostars are in a steady state, we can assume that the starless core lifetime equals the protostellar core lifetime. We can estimate the protostellar core lifetime by a weighted mean time (τ ),
where ω 0 and ω I are correspond to the fraction of Class 0 and Class I protostars, respectively (e.g., N Class0 / N Class0+ClassI and N ClassI / N Class0+ClassI ) and τ 0 and τ 1 are the lifetimes of the Class 0 and Class I stages. We adopt the lifetimes from Evans et al. (2009) , which were 0.10 Myr and 0.44 Myr for Class 0 and Class I YSOs, respectively. Thus, we find a weighted mean lifetime of the Perseus young protostars of τ = 0.33 Myr.
Accordingly, we can assume the starless cores will form the next generation of protostars in 0.33 Myr. In units of the free-fall time, we find,
Thus, actual formation time is less efficient than pure free-fall time by a factor of cst = 3.3, assuming steady state.
As a result, the average starless core makes approximately 1.2 stars in 3.3 free-fall times.
The SFR in Perseus
The SFR corresponds to the star-forming mass as a function of lifetime. Similar to the weighted mean lifetime (Equation 13), we found the weighted mean inverse lifetime as,
According to this, we estimate the SFR, using our number counts of protostars and their weighted lifetime. Following from Equation 6 and Equation 16, the weighted SFR is 
Discussion
We estimated the SFR in Perseus using observations of young protostars and starless cores. We found that the SFR in Perseus is 150 M Myr −1 using M stars and τ . If our SFR included close binary pairs, it could be higher. For example, if we instead take the starless cores, assuming 1.2 stars form per core at an efficiency of 16%, we get 174 M Myr −1 . In addition, 1.2 protostars from each core implies that there would be a binary fraction of 20% (one out of five cores will have a companion). The binary fraction from Tobin et al. (2016) is 40%, so the SFR could be a bit higher. Of course, the SFR values of clouds in the nearby Gould Belt are not as high as those in giant molecular clouds toward the Galactic plane, where high-mass stars are forming (e.g., Veneziani et al. 2013 ).
The SCUBA data used here will primarily pull out dense objects that are more likely to form stars in the near future. Following that, there is also the problem of starless core masses (single temperature, single dust properties, etc.); however, in the absence of robust temperature or more data, we cannot constrain these properties. With our assumptions (fixed dust temperatures and dust opacities for all starless cores, fixed stellar masses for the protostars, and a constant SFR between the protostars and the starless cores), our result csm = 0.16 is similar to the value csm = 0.17 found in Perseus by Jørgensen et al. (2008) using a similar method. These values are lower than the estimates csm = 0.3 in the Pipe Nebula by Alves et al. (2007) and the csm = 0.4 in Aquila by Könyves et al. (2015) , by matching IMF with core mass functions. If we included multiple stellar systems or decreased the core mass (either by a higher dust temperature or a higher dust opacity), csm would increase. Therefore, the differences between our csm value and values of these studies could be due to these assumptions.
We found a near one-to-one relation between starless cores and protostars. This suggests that the SFR in Perseus may be constant (until the next generation) if all of the starless cores in this sample are likely to form stars in the near future. Because SCUBA observations are good at picking out the densest cores, whereas Herschel observations will also select more diffuse objects, it is reasonable to assume the SCUBA cores are likely to form new stars. According to Bonnor-Ebert criterion (Spitzer 1968, p. 44) , core condition can be understood regardless of whether the core collapses to form new stars or not. If the ratio of the core mass to the critically Bonnor-Ebert sphere mass exceeds 1, then there is no equilibrium available, and the sphere is unstable against collapse. Subsequently, the core will collapse under its gravity. Assuming the core temperature is 10 K, nearly all (59 out of 69) starless cores are unstable in this work. Rates which go up to 142 are quite high. This means that core criteria (Sadavoy et al. 2010 ) with SCUBA observations tend to select dense cores.
We acknowledge that the main assumption of this study which states that a one-to-one relation can be used if most of starless cores in a cloud are unstable. Nevertheless, the majority of studies demonstrate that starless cores in a cloud are not unstable to collapse, using various methods to do so. For example, Belloche et al. (2011 ), Tsitali et al. (2015 , and Dunham et al. (2016) found that most of the starless cores in Cha I are stable, and cores cannot form stars. Following that, nearly all of the starless cores are stable in Orion B (Kirk et al. 2016 ). On the other hand, one recent studyfound that more than half of starless cores in the Aquila molecular cloud complex are unstable (Könyves et al. 2015) . Considering all of these results, Perseus appears to be a special molecular cloud in terms of starless cores. Most of the starless cores in the cloud are unstable, and they will turn into stars in the near future.
We also compared the number of protostars with their clump properties. Figure 7 shows that the protostellar counts for the individual clumps (except B1-E because it has no sources) and the full Perseus cloud follow a power-law relation (slope value of 1.08) with clump mass similar to what Lada et al. (2010) found for entire clouds. We find more scatter than the Lada et al. (2010) relation, which considered YSOs of all stages. A similar plot of the clumps in Perseus is highly dependent on the population age. For example, both B1 and B1-E have relatively few sources of all stages given their clump masses (see Figure 2) , and both are considered to be young regions. For individual clumps, it is possible that the population age plays a role, e.g., both B1 and B1-E have not had the chance to fully reach their star formation potential. Thus, in Figure 7 , we consider just the young population (protostars), and the relation is quite good, even for B1 (excluding B1-E, which is still too young). The solid pink line in Figure 7 shows where B1-E should be located on this relation. We expect this clump to have about two protostars at the current epoch, whereas it has none. This study shows that protostars and starless cores have nearly equal numbers in all seven clumps. Assuming the starless cores represent the next generation of stars and the Class 0/I sources represent the most recent generation of stars, the similarity between these two populations suggests a nearly constant SFR across each of the individual clumps in Perseus. In addition, we find a power-law relation between the number of protostars in individual clumps and the dense gas mass of those clumps (except B1-E). We also find that this relation scales with the total cloud protostellar count and dense gas mass. Nevertheless, we do not see this same relation with clump mass when we also consider the more evolved YSOs. Using this approach, relations between sources and star formation can be used to study for other clouds.
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A. Tables of Sources For Each Clump
We list cores and YSOs for each clump in the Perseus in Table 4 to Table 10 . They are selected according to the contour of column density level as 5 × 10 21 cm −2 . The ID field shows the number of sources in the clumps. The properties of starless cores and protostellar cores are obtained from Sadavoy et al. (2010) and one protostellar core in B5 from Kirk et al. (2006) . We found the value of free-fall time using values in the Mass column and R ef f in Table 4 . Class 0 sources and other YSOs are obtained from Sadavoy et al. (2014) and Evans et al. (2009) , respectively. 
